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Abstract 

Background: C5 palsy is a serious but poorly understood complication after posterior cervical decompression that could 
lead to muscle weakness, brachialgia and numbness of the upper limbs. The incidence of C5 palsy varies greatly between 
studies. The risk factors are inconclusive and even conflicting. 

Object:Jo perform a systematic review on the incidence and risk factors of C5 palsy after posterior cervical decompression. 

Materials and Methods: Four databases, PubMed, Embase, Web of Science and Cochrane CENTRAL, were searched to 
identify eligible studies. Either a fixed- or a random-effects model was used to calculate the pooled odd ratio (RR) or 
standardized mean difference (SMD) with its 95% confidence interval (95%CI). 

Results: Of the 589 pre-recruited studies, 25 were included in this study for systematic review. The pooled incidence of C5 
palsy after posterior decompression was 5.8% (95%CI: 4.4-7.2%). The incidence after open-door laminoplasty, double-door 
laminoplasty and laminectomy was 4.5%, 3.1% and 11.3%, respectively. The significant risk factors of C5 palsy were OPLL 
(OR, 2.188; 95%CI, 1.307-3.665), narrower intervertebral foramen (SMD, -0.972; 95%CI, -1.398 to -0.545), laminectomy (vs. 
open-door laminoplasty, OR, 2.988; 95%CI, 1.298-6.876), excessive spinal cord drift (SMD, 1.289, 95%CI, 0,197-2.381) and 
male gender (OR, 1.54; 95%CI, 1.036-2.301). 

Conclusions: The results of this systematic review suggest that patients with excessive spinal cord drift, preexisting 
intervertebral foramenal stenosis, OPLL, laminectomy and male gender are at high risk for postoperative C5 palsy, and risk- 
reduction options should be considered for such patients. 
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Introduction 

Posterior cervical decompression via laminectomy and lamino- 
plasty is a well-recognized surgical approach for cervical myelop- 
athy from multilevel spondylosis and/or ossification of the 
posterior longitudinal ligament (OPLL) [1—4]. Although the 
advantages of posterior decompression have been highly recog- 
nized in term of satisfactory surgical outcome, some postoperative 
problems such as axial pain, segmental instability and C5 palsy 
have been reported [5,6]. 

Leading to muscle weakness, brachialgia and numbness of the 
upper limbs, C5 palsy may adds a significant burden upon 
patients' quality of life, and presents a financial burden on 
healthcare systems [7]. C5 palsy has been reported in both 
anterior and posterior cervical decompression, though it is more 
common in posterior procedures [8]. The etiology of C5 palsy has 
been poorly understood. Although a number of hypotheses have 
been suggested, the results remain inconclusive or even conflicting 



[9—1 1] . To obtain more precise information to help offer 
preoperative predicting measurements and take strategies for 
clinical treatment, we carried out a systematic review to clarify 
incidences and risk factors of C5 palsy after posterior cervical 
decompression. 

Methods 

Search strategies and selection criteria 

We searched the electronic databases (PubMed, Embase, Web 
of Science, Cochrane CENTRAL) using the terms "C5 palsy", 
"C5 paralysis", "radiculopathy", "upper limb palsy", "upper 
extremity palsy", "laminoplasty", "laminectomy" to look for 
papers published in English that reported the incidence and/or 
risk factors and management of C5 palsy after posterior cervical 
spine surgery. Two reviewers (G.Y and G.R) independendy 
evaluated the titles and abstracts of the identified papers. Only full- 
text articles published in English were included in this systematic 
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Figure 1. Search strategy flowchart. 
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review. The inclusion criteria were as follows:(l) studies consisting 
of 30 or more cases and focusing on C5 palsy by statistical analysis; 
and (2) articles referring to the posterior approach or both 
posterior and anterior approaches. A publication would be 
excluded from the systematic review if it had any of the following 
deficits: (1) studies without a clear definition and description of C5 
palsy; (2) studies pertaining only to the anterior approach; 
(3)studies without defining type of surgical procedure was applied 
in the treatment; and (4) studies with duplicate information. If the 
articles were reported by the same authors from the same institute, 
the most recently reported paper with detailed and complete 
clinical data would be included. 

Data extraction 

Data were recorded on a standard data extraction form, 
including publication details (title, authors and year), the type of 
study, the sample size, the type of the surgery procedures including 
laminectomy, open-door laminoplasty or double-door lamino- 
plasty, the incidence, onset of C5 palsy, management and 
therapeutic outcome of C5 palsy, and various risk factors. 



Statistical analysis 

All the included studies were divided into subgroups according 
to the type of surgical procedure (laminectomy, open-door 
laminoplasty and double-door laminoplasty) and the incidence of 
C5 palsy was calculated with its 95% confidence intervals (CI) for 
each individual study. An overall incidence of C5 palsy was 
calculated as a weighted average of individual summary statistics 
through meta-analysis, and a forest plot was obtained. Heteroge- 
neity of effects across studies was assessed by / and z test. If the z 
test was not significant or an / value was more than 50%, the 
fixed-effects method was used, or otherwise the random-effects 
method was used. All the analyses were performed using the 
software Stata version 1 1 .0(Stata Corporation, College Station, 
TX, USA). 

Results 

Eligible studies 

A total of 589 potential studies were identified after excluding 
the duplications. After screening the tides and abstracts of these 
articles, 73 studies were recruited. After reading the full text of 
each study, 25 studies [2,8,10-32] were selected for this systematic 



PLOS ONE | www.plosone.org 



2 



August 2014 | Volume 9 | Issue 8 | e101933 



Incidence and Risk Factors of C5 Palsy: A Systematic Review 



o c£ 



£ E 



TO ^ 

2 g 

-d E 

oj t= - 



cu 



(0 



Si s 



^ ? c ra 

oj . — _ 
3 » E 2 



v « « S ? 
2! 2 c S co 



4-i O 
.CU TO 



£ 0> <1> ^ c: >* 

>- :r o c to 

4^ i/i s '£= O "a 

C= m TO U . 



■5 E 



a; £ o 
" -£' TO g£ JS £ 
< U C ^ 



E g 

> 5 



E -o 



TO CU 

E S 



o o 



g 



E ^ E 



2 E S 



■r- (1J ^ , 



£ E 



P -E 



E "£ "g o 

E u to E 

-° § 2 -o 

"O o ^ ,~ 

a> _n .c _c ^ 

S £ E 1 IE 

OJ u c 7 > 

S cu .2 -o -p 



Q- -C "D S 



5 



£ *= 



TO CT) 
> = ' 



to c 
jj cu 



< E .£ 



o "a 

TO 



a u 

a; n: 
£ -£ 

5 I 



C P Ti 

m ~ c 

£ §• « 

'> &) y 

> *~ 4-J 



o2 S 



oj h 

eS s | 

11 r| 

^_ 01 c 

° .1 I s 



o in m 



00 -C '■g 



a 

la -o a 



i -a 



tu i_ 
OJ C D £ 



r o t 

S 2 «t 
1 in ck 

> U m 
TO 



TO 4-< ^ 

-a ai <J S 

u >> Si c 

ffl _ "5 .2 



* m »- i 1 ? -n — 



c O c V; 



CO 



Q) 

_ OJ C -2 
^ > .- ra 



*i ai -3 o 
£ ^ u 



rj) O T3 



(U a; E O 
x > 5 
a o c c 
u c o 

TO CD OJ -7Z 

c *- *~ u 

O ^ OJ C 

u ^ v 



I - §5 

S £ E j, 

X 7 U 

O ra 13 

cu cu >- 

^ q. °s 

^ ai 



+3 >* 



O u 



0 E 0 E 



4-1 In 



E g 

" E 
& J2 



I £ 



E t 



™ E 



- £ 

£ Li. 



J3 o o o 



C C o 



in 



O 

z 



o\ ^ 



l-N fN 



rM in rN IN 



_l x 



I- HI 

111 X 

I - 

n 



t < 



E 

15 
15 

E 



PLOS ONE I www.plosone.org 



3 



August 2014 | Volume 9 | Issue 8 | e101933 



Incidence and Risk Factors of C5 Palsy: A Systematic Review 



= E 

< 4^ 



11 

E ^ 

o a 

T3 a. 
qj E 



'5 > = 



g 14- £ ~ 



" ? c c 

"D > O OJ 
CO £ I f 



Si 



_C (T3 _C re 



I — Q. CC Q. Q. hv Q_ 



.si S 

_t/i "O 



&■ E 
2 



Q. OJ 

£ I 
o s 
u ■* 



> +j 

u = 

u rz 

O "o 

S o 

C 4-- 

ra ro 

i-s 

T3 > -C 

~a O ra 

ra u cu 

QJ ^ 



ra 



i- s- rsi 



3 *E 

BE? 
= o E 

18" 

Q- i/i rC 



S £ 



CO ^ 

r- fN u 

-2=1- 

"3 O „ 

E ° 

a „ °- 

| o, 

S CN " 

fO c „_ 

£ Z ° 

= * -i 
8^8. 

>, -Si OJ 

-a -SJ £ 

a; £ £ 

ra O Q. 

OJ u D 

-o -o 

a* <u a 

oJ u 5 

s § § 

i/i u u 

4-j <i> aj 

0) vi 

C c 

o_ a; _u 

= ro ro 

< Q. CL 



c ^ 

(13 QJ 

OJ QJ 

£ g 



E J2 



01 

< 



- £ 
5 « 



o 
z 



2 



a: 

CO 

IE 
u 



E 
o 



vd m 



O U 



° £ 



O TO O "3 



° E 



PLOS ONE | www.plosone.org 



4 



August 2014 | Volume 9 | Issue 8 | e101933 



Incidence and Risk Factors of C5 Palsy: A Systematic Review 



Study 
ID 



Open-door laminoplasty 
Yang L(2013) 
ParkJH(2012) 
ZhangH(2013) 
NakamaeT(2012) 
Nassr A(2012) 
Katsumi K(2012) 
XiaY(2011) 
Kaneyama S(2010) 
tmagama S(2010) 
Komagata M(2004) 

Subtotal (l-squared = 47.7%, p = 0.046) 

Double-door laminoplasty 
Kaneyama S(2010) 
Imagama S(2010) 
YanaseM(2010) 
Minoda Y(2003) 

Subtotal (l-squared = 51 .8%, p = 0.1 01 ) 

Laminectomy 
Yang L(2012) 
NakashimaH(2012) 
NassrA(2012) 
Chen Y(2007) 
Tanaka N(2006) 
Dai LY(1998) 

Subtotal (l-squared = 48.4%, p = 0.084) 

Overall (l-squared = 75.2%, p = 0.000) 

NOTE: Weights are from random effects analysis 



o 



o 



ES (95% CI) 



0.04 (-0.00, 0.08) 
0.09(0.03,0.15) 
0.06 (0.02, 0.09) 
0.03 (0.01 , 0.06) 
0.05(0.01,0.09) 
0.06(0.02,0.10) 
0.03 (-0.00, 0.06) 
0.10(0.03,0.16) 
0.02 (0.01 , 0.03) 
0.05 (0.02, 0.07) 
0.04 (0.03, 0.06) 



0.01 (-0.01 , 0.04) 
0.02(0.01,0.03) 
0.06(0.02,0.10) 
0.09(0.01,0.17) 
0.03 (0.01 , 0.05) 



0.17(0.08,0.26) 
0.12(0.05,0.19) 
0.09(0.04,0.15) 
0.18(0.08,0.29) 
0.05 (-0.01, 0.10) 
0.13(0.09,0.17) 
0.11 (0.08,0.15) 



% 

Weight 



4.85 
3.32 
6.23 
6.98 
5.22 
5.26 
6.12 
3.02 
8.70 
7.24 
56.95 



8.49 
5.60 
2.25 
23.20 



2.92 
4.02 
1.47 
4.01 
5.44 
19.85 



0.06(0.04,0.07) 100.00 



Figure 2. Forest plot for incidence of posterior C5 palsy in patients underwent open-door laminoplasty, double-door laminoplasty, 
laminectomy, repectively. 

doi:1 0.1 371/journal.pone.01 01 933.g002 



Posterior Spinal cord shifting 



Study 



ID 



SMD (95% CI) 



Weight 



Yang L (2013) 



NakashimaH(2012) 



Radiclrff KE(2012) 



Overall (l-squared = 83.4%, p = 0.002) 



NOTE: WogFts wo rrom tvdon » 



-5 



2.20(1.45, 2.95) 



0.43 (-0.23, 1.09) 34.96 



1.26(0.35, 2.18) 



31.30 



1.29(0.20,2.38) 100.00 



Figure 3. Forest plots for posterior spinal cord shifting. The width of the horizontal line represents the 95% confidence interval (CI) of the 
individual studies, and the square proportional represents the weight of each study. The diamond represents the pooled standardized mean 
difference (SMD) and 95% CI. 
doi:10.1371/journal.pone.0101933.g003 
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Preoperative Foraminal Diameter 



Study 



SMD (95% CI) 



Weight 



MinodaY(2003) 



NakashimaH (2012) 



Lubelski D (2013) 



Overall (l-squared = 0.0%, p = 0.788) 



-1.22(-2.41,-0.02) 12.65 



-0.80(-1.47, -0.13) 40.34 



-1.05 (-1.68, -0.43) 47.01 



-0.97 (-1 .40, -0.55) 100.00 



Figure 4. Forest plots for intervertebral foraminal diameter. The width of the horizontal line represents the 95% confidence interval (CI) of 
the individual studies, and the square proportional represents the weight of each study. The diamond represents the pooled standardized mean 
difference (SMD) and 95% CI. 
doi:1 0.1 371 /journal.pone.01 01 933.g004 



review involving 5196 patients aged 40.3 to 64.0 years at the time 
of posterior cervical decompression surgery (Fig. 1). The detailed 
information about these studies is shown in Table 1 . Of the 25 
studies, 19 reported the incidence of C5 palsy after posterior 
cervical decompression, and 23 reported the potential risk factors 
of C5 palsy. 

Incidence of C5 palsy 

The incidence of C5 palsy was reported in 19 studies. The 
repoted incidence of C5 palsy after posterior decompression 
ranged from 1.4% to 18.4%. A pooled incidence was 5.9% 
(95%CI:4.5— 7.4%), with a statistically significant heterogeneity 
between the studies(I 2 = 75.2%,P<0.001)(Fig. 2).The incidence 
varied significantly across studies depending on the type of 
surgical procedure. 

Ten studies reported the incidence of C5 palsy ranging from 
2.3% to 9.6% in patients who underwent open-door laminoplasty, 
with a pooled incidence of 4.3% (95% CI:2.9-5.6%, 
I 2 = 47.7%,P = 0.046). 

Four studies reported the incidence of C5 palsy ranging from 
1.4% to 8.9% in patients who underwent double-door lamino- 
plasty. with a pooled incidence of 3.1% (95% CI:1.0-5.3%). There 
was no statistically significant heterogeneity between the studies 
(I 2 = 51.8%,P = 0.101). 

Six studies reported the incidence of C5 palsy ranging from 
4.8% to 18.4% in patientss who underwent laminectomy with a 
pooled incidence of 11.3% (95% CI:7.8-14.9%). There was no 
statistically significant heterogeneity between the studies 
(I 2 = 48.4%, P = 0.084). 

The period from surgery to the onset of C5 palsy can varied 
from immediately to 2 months after surgery. Most patients in these 



studies recovered within a week to several months after 
conservative treatments including rest, muscle strength rehabilita- 
tion, hyperbaric oxygen therapy and/ or immediate drug therapy 
including high-dose cortical hormone therapy combined with 
dehydration therapy. One study reported 2 patients who 
recovered up to the point of MMT 4 after 4 years post-operation. 
Two studies reported 6 patients who suffered from residual deficits 
until the end of follow-up. Two studies reported a total of 6 
patients who required a further surgery to ease the symptoms. 

Risk factors of C5 palsy 

Twenty-five studies reported the risk factors of C5 palsy after 
posterior decompression. The main results are shown in Table 2. 
Significant risk factors were OPLL (OR, 2.188; 95% CI, 1.307 to 
3.665), narrower intervertebral foramen (SMD, -0.972; 95%CI, 
— 1.398 to —0.545), laminectomy (vs. open-door laminoplasty, 
OR, 2.988; 95% CI, 1.298 to 6.876), excessive spinal cord drift 
(SMD, 1.289, 95%CI, 0,197 to 2.381) and male gender (OR, 1.54; 
95%CI, 1.036 to 2.301). Forest plots of these 5 significant results 
are shown in Fig. 3 to Fig. 7. Age, preoperative Japanese 
Orthopeadic association (JOA) score, pre- and post-operative 
lordotic cervical angle, double-door laminoplasty (vs. open-door 
laminoplasty) and T2 high-signal lesion of C3-C5 on MRI proved 
to be no significant (P>0.05). 

Discussion 

A number of studies have demonstrated the occurrence of C5 
palsy after posterior cervical decompression. Although various 
mechanisms underlying this serious complication have been 
proposed, controversies still exist. Sakaura et al [33] summarized 
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the some most possible pathologic mechanisms of C5 palsy, 
including the intraoperative nerve root injury, nerve root traction, 
spinal cord ischemia, segmental spinal cord disorder and 
reperfusion injury of the spinal cord. 

The aim of the present systematic review was to evaluate the 
incidence and risk factors of C5 palsy after posterior cervical 
decompression. It was found that the pooled incidence of C5 palsy 
after posterior decompression is 5.8%. The incidences reported in 
different studies are highly variable, ranging from 1.4% to 18.4%. 
Such a large variation can be explained by the difference in the 
type of surgical procedures applied between studies. Three main 
types of surgical procedures were employed in these studies, and 
the pooled incidence of each procedure was significantly 
discrepant. The heterogeneity decreased when the studies were 
divided into three subgroups according to the surgical procedure. 
Even when the surgical procedure was the similar, subtle 
differences in specific techniques existed. Whether a foraminotomy 
was performed or not, the extent of decompression, the open-angle 
of lamina and the method of internal fixation may all contribute to 
the great variation in the incidence of C5 palsy [13,14,25]. In 
addition, there were differences in how C5 palsy was defined 
between the studies. For instance, Imagama et al [22] defined C5 
palsy as a postoperative 0 to 2 manual muscle test (MMT) grade in 
the deltoid, with or without involvement of the biceps muscle 
without loss of strength in other muscles. Nakashima et al [15] 
defined C5 palsy as as postoperative deterioration by Si MMT 
grades in the deltoid, with or without involvement of the biceps 



muscle. Nassr et al [8] defined C5 palsy as loss of motor strength in 
the deltoid and/or biceps brachii, sensory deficit in the C5 
distribution, or increased pain in the C5 distribution as compared 
with the preoperative status. Nakamae et al [16] defined C5 palsy 
as postoperative motor palsy of the deltoid and biceps muscles in 
the upper extremity by Si grades in the manual muscle test 
(MMT) without sensory disturbance. These results highlight the 
need of a standard definition of C5 palsy in future studies. 

Although the occurrence of C5 palsy after posterior cervical 
decompression has been reported in many studies, its detailed 
mechanism remains poorly understood. There have been several 
hypotheses regarding the etiology of C5 palsy, including direct 
injury to nerve root during the operation [10], tethering of the 
nerve root [9] , segmental spinal cord disorder [30] , and ischemia/ 
reperfusion injury of the spinal cord [34], but none of these 
hypotheses have been completely established. The result of this 
study showed that a narrower intervertebral foramen, excessive 
spinal cord drift, OPLL, laminectomy and the male gender are risk 
factors of C5 palsy after posterior cervical decompression. 

Nerve root traction may be caused by posterior drift of the 
spinal cord after posterior cervical decompression, so called 
"tethering effect" was considered one of the most acceptable 
pathologic mechanisms of C5 pasly [9]. Shiozaki et al [35] found a 
significant posterior shift of the spinal cord on MRI 24 hours after 
posterior decompression. The maximum posterior shift occurred 
at the C5 vertebral level because C5 is the apex of cervical 
lordosis. In addition, the superior articular process of C5 protrudes 



Study 
ID 



OPLL 



OR (95% CI) 



Weight 



Nakamae T (2012) 
KatsumiK(2012) 
Nakashima H (2012) 
Kaneyama S (2010) 
Imagama S (2010) 
Minoda Y (2003) 

Overall (l-squared = 29.2%, p = 0.216) 
I 

.00319 



2.86 (0.50, 16.35) 
0.79 (0.09, 6.71) 
5.07 (0.78, 32.79) 
2.36 (0.53, 10.46) 
1.68 (0.82, 3.44) 
30.00 (2.87, 313.47) 
2.19 (1.31, 3.66) 



I 

313 



Figure 5. Forest plots for ossification of posterior longitudinal ligament. The width of the horizontal line represents the 95% confidence 
interval (CI) of the individual studies, and the square proportional represents the weight of each study. The diamond represents the pooled odds ratio 
(OR) and 95% CI. 

doi:1 0.1 371 /journal.pone.01 01 933.g005 
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Surgical Procedure: Laminectomy 



Study 



ID 



OR (95% CI) 



Weight 



Yang L (2013) 



Nassr A (2012) 



Overall (l-squared = 0.0%, p = 0.343) 




4.80(1.28, 18.04) 



2.10 (0.70, 6.24) 



2.99(1.30, 6.88) 



100.00 



—J— 
18 



Figure 6. Forest plots for surgical procedure. The width of the horizontal line represents the 95% confidence interval (CI) of the individual 
studies, and the square proportional represents the weight of each study. The diamond represents the pooled odds ratio (OR) and 95% CI. 
doi:1 0.1 371 /journal.pone.01 01 933.g006 



in a more anterior direction and root of C5 are shorter as 
compared with other levels, the posterior shift might creat a 
tension on C5 nerve root, causing C5 palsy [22]. Three studies 
enrolled in this systematic review showed that the posterior shift in 
patients with C5 palsy was significantly larger than that in patients 
without palsy. For this reason, some scholars suggested a limited 
decompression to avoid excessive posterior shifting of the spinal 
cord [13,36]. 

Preexisting foraminal stenosis has been suggested to be 
associated with C5 palsy in several studies. Imagama et al [22] 
reviewed 1858 patients who had undergone a cervical lamino- 
plasty. They found the width of the C5 intervertebral foramen 
(both on the palsy side and normal sides) were significantly smaller, 
and anterior protrusion of the C5 superior articular process were 
significandy greater in patients with C5 palsy. Katsumi et al [18] 
reported a significant difference in preexisting C4/5 foraminal 
stenosis in patients with C5 palsy. Our systematic review also 
suggests preexisting foraminal stenosis as a risk factor of G5 palsy. 
Several studies have recommend prophylactic foraminotomy to 
prevent C5 palsy. Komagata et al [29] reported that prophylactic 
bilateral partial foraminotomy could reduce the incidence of C5 
palsy after open-door laminoplasty from 4.0% to 0.6%. Yanase et 
al [23] suggested foraminotomy in those patients with narrowed 
foramina after pre or intraoperative electrophysiological tests. 

Several studies have reported a higher incidence of C5 palsy in 
patients with OPLL [20,22,31], presumably because the ossified 
hypertrophic posterior longitudinal ligament increased the spinal 
cord shifting and tethering effect on the C5 nerve root [26]. Our 
systematic review showed that OPLL was a significant risk factor 



of postoperative C5 palsy compared with cervical spondylotic 
myelopathy and other cervical degeneration diseases. 

Two papers enrolled in our study compared patients who 
underwent laminectomy with those who underwent laminoplasty 
[8,13]. The results showed that the incidence of C5 palsy was 
significant higher in laminectomy group and suggested laminec- 
tomy as a significant risk factor. That may be because the 
laminectomy removes the intact posterior arch of the vertebra, 
thus providing an excessive space for the spinal cord to shift 
posteriorly. Radcliff et al [17] reported that a narrower 
laminectomy trough width could prevent the spinal cord from 
shifting excessively, thus reducing the incidence of C5 palsy. Three 
studies enrolled in this systematic review compared the incidence 
of C5 palsy in open-door laminoplasty and double-door 
laminoplasty [2,20,22]. One study showed that in patients 
underwent open-door laminoplasty, especially in those with 
OPLL, the spinal cord was prone to rotate due to asymmetrical 
decompression, resulting in the tethering nerve root on the open 
side [20]. However, a large-sample and multicentre study [22] 
reported no significant difference in the incidence of C5 palsy 
between patients who underwent open-door laminoplasty and 
those who underwent double-door laminoplasty. Our systematic 
review showed that open-door laminoplasty was not a significant 
risk factor of C5 palsy. There is no study comparing laminectomy 
with double-door laminoplasty. 

There are controversies over whether intraoperatively correc- 
tion of the cervical lordotic alignment has an effect on the 
occurrence of C5 palsy. Takemitsu et al [25] reported that the 
cervical curvature of patients who developed C5 palsy underwent 
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Sex 



Study 
ID 



OR (95% CI) 



% 

Weight 



NakamaeT(2012) 
KatsumiK(2012) 
KaneyamaS(2010) 
Liu T (2010) 
lmagamaS(2010) 
Sieh KM (2009) 
Takemitsu M (2008) 
Tanaka N (2006) 
Seichi A (2004) 
Fan D (2002) 

Overall (l-squared =0.0%, p = 0.921) 



l 

.02 



O 



2.12(0.24, 18.58) 
1.47(0.29, 7.38) 
2.56 (0.31,21.55) 
1.15(0.42, 3.13) 
2.05(1.03, 4.10) 
1.11 (0.36, 3.41) 
0.70(0.18, 2.75) 
2.44(0.12,49.91) 
2.39(0.50,11.54) 
0.87 (0.20, 3.77) 
1.52(1.03, 2.26) 

49.9 



3.19 

6.19 

3.25 

16.91 

29.55 

13.69 

11.05 

1.63 

5.68 

8.87 

100.00 



Figure 7. Forest plots for sex. The width of the horizontal line represents the 95% confidence interval (CI) of the individual studies, and the square 
proportional represents the weight of each study. The diamond represents the pooled odds ratio (OR) and 95% CI. 
doi:1 0.1 371 /journal.pone.01 01 933.g007 



a significant change, supposing that cervical alignment correction 
by posterior instrumention might cause iatrogenic foraminal 
stenosis and excessive posteriorly shifting of the spinal cord. 
However, most other authors suggested that there was no 
significant correlation between sagittal alignment and posterior 
shifting of the spinal cord [36,37]. Our systematic review also 
showed that change in cervical alignment is not a significant risk 
factor of C5 palsy. 

An alternative hypothesis is that C5 palsy might be caused by a 
spinal cord disorder [34] . However, this systematic review showed 
that neither preoperative JOA score nor T2 high-signal intensity 
zone in the spinal cord on MRI imaging is a significant risk factor. 
Some authors hypothesized that C5 may be caused by intra- 
operative injury of spinal cord or nerve root [22,38]. Imagama et 
al [22] supposed that the nerve root was probably damaged at the 
time of operation by the heat generated by the high-speed drill, 
which would make it an iatrogenic injury. Takenaka et al [39] 
suggested using cooled irrigation saline during bone drilling during 
laminoplasty to prevent C5 palsy. However, more convincing 
evidence is needed to support this hypothesis in further studies. 
Nakamae et al [16] found that postoperative C5 palsy after 
cervical laminoplasty occurred in cases without significant 
abnormal findings during intra-operative monitoring. 



Some other risk factors were also reported in individual studies. 
Xia et al [19] reported that in open-door laminoplasty, patients 
with a relative lateral through on the hinge side .were more 
susceptible to C5 palsy. Zhang et al [14] considered that the 
lamina open angle in laminoplasty should be maintained between 
15°~30°, or otherwise the risk of postoperative C5 palsy may 
increase. Radcliff et al [17] found a wider laminectomy at C5 and 
an increased diameter of the spinal canal were associated with an 
increased risk of C5 palsy. Preoperative compression at C3 level 
preoperatively [31] and larger anterior protrusion of C5 superior 
articular process [22] were also mentioned to be risk factors. 
Although the dependability of these risk factors needs to be 
confirmed in further studies, they may provide some valuable 
suggestion in the studies of C5 palsy after cervical decompression 
surgery. 

Conclusions 

C5 palsy is a severe complication associated with posterior 
cervical decompression. The incidence of C5 palsy varies 
significantly between studies. Excessive spinal cord shifting, 
preexisting intervertebral foramenal stenosis, OPLL, laminectomy 
and male gender are risk factors of postoperative C5 palsy. These 
findings may be constructive to clinical surgeons to reduce the 
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Table 2. Summary of Odds Ratios (ORs) and Standardized Mean Differences (SMDs) and 95% Confidence Intervals (CIs) of 
Significant Risk Factors for postoperative C5 palsy. 





Risk factors 


OR or SMD 


95% CI 


P Value for heterogeneity 


Significant factors 


OPLL 


2.188* 


1.307-3.665 


0.216 


Preoperative foraminal diameter 


-0.972''" 


-1.398 to -0.545 


0.788 


Laminectomy (vs. open-door laminoplasty) 


2.988» 


1.298-6.876 


0.343 


Posterior spinal cord shifting 


1.289 f 


0.197-2.381 


0.002 


Male 


1.544* 


1.036-2.301 


0.921 


Insignificant factors 


Preoperative JOA score 


1.319 f 


-0.207 to 2.845 


0.000 


Post-operative cervical lordotic angle 


0.87 f 


-0.015 to 1.755 


0.000 


Pre-operative cervical lordotic angle 


-1.111* 


-2.503 to 0.281 


0.000 


Double-door laminoplasty (vs. open-door laminoplasty) 


0.75* 


0.427 to 1.317 


0.108 


T2 high-signal lesion on MRI 


0.748* 


0.408 to 1 .37 


0.539 



*OR. 
f SMD. 

doi:l 0.1 371 /journal.pone.01 01 933.W02 



incidence of C5 palsy by setting up preoperative predictive 
measurements and take appropriate surgical strategies on the basis 
of the individuality of patients. 
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